Recurrent miscarriage (RM) affects about 1% of couples; however, the etiologies of half of the cases remain unknown. P53, a negative cell cycle regulator, has been found to modulate the expression of several long noncoding RNAs (lncRNAs) and overexpressed p53 has been observed in RM patients. To investigate the relationship between p53 and lncRNAs in the pathogenesis of RM, we detected the expression of p53 and six candidate lncRNAs in the villous from 27 RM patients and paired healthy controls. We found the level of NEAT1 and MALAT1 was reduced significantly and only the MALAT1 level negatively correlated with p53 protein level. By luciferase assay, we confirmed that p53 repress MALAT1 expression through directly binding to the promoter region. Functional study by using human trophoblast cell HTR-8/SVneo, we observed that p53 overexpression lead to decreased cells proliferation, migration, invasion and increased apoptosis. Meanwhile, MALAT1 overexpression partially restored these function of p53 overexpression.
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| INTRODUCTION
Pregnancy is a well-tuned physiological process and the pregnancy outcomes is influenced by many factors involving immune tolerance, angiogenesis, hormonal balance genetic and epigenetic factors as well as environmental cues. [1] [2] [3] Miscarriage is the spontaneous loss of a pregnancy before the fetus reaching viability, and three or more times of consecutive spontaneous miscarriages is defined as recurrent miscarriages (RMs). The underlying cause is complicated and the etiology of over 50% of RM patients is unclear.
p53, a negative cell cycle regulator, is important in numerous biological processes, such as the cell cycle, DNA repair, differentiation and apoptosis. 4 Several single nucleotides polymorphisms were found to contribute to the high risk of RM. 5 Meanwhile, p53 has been observed to be expressed abnormally in the chorionic villi and decidua of females with hydropic, spontaneous or missed abortions, and high p53 level in the chorionic villi from patients with RM was also observed, indicating its important roles during the pathogenesis of RM.
5-8
Depend on the recent discovery, nearly 75% of the human genome is transcribed to RNA, with only about 1.2% being responsible for protein coding, which indicates that a large group of RNA regulators is dedicated to regulating a relatively small amount of effectors.
9-11
Among the newly discovered RNA elements, long noncoding RNAs 
| Cell culture
HTR-8/SVneo human placenta trophoblasts were purchased from American Type Culture Collection (ATCC) and were cultured in Dulbecco's modified Eagle's medium (DMEM) containing 10% fetal bovine serum (Hyclone, Logan, Utah), 100 IU/mL penicillin and 10 mg/mL streptomycin. All cells were maintained at 37 C under an atmosphere of 5% CO 2 . 
| RNA isolation
Total RNA was extracted from tissues or cells by using TRIzol (Invitrogen, Carlsbad, California) according to the manufacturer's instructions.
The expression of MALAT1 and p53 was determined by qRT-PCR with GAPDH as loading control. Each sample in each group was measured in triplicate and the experiment was repeated at least three times for the detection of target genes.
| Dual luciferase assay
A segment of 721 bp of the promoter region of MALAT1 were cloned into the upstream of the firefly luciferase coding region in pmirGLO. Inc., Santa Cruz, California) for 1 hour at 37 C. The specific protein antibody complex was detected by using horseradish peroxidase conjugated horse anti-rabbit or rabbit anti-mouse IgG. Detection by the chemiluminescence reaction was carried using the ECL kit (Pierce, Appleton, Wisconsin). The β-actin signal was used as a loading control.
| Cell proliferation assay
Cells were seeded in 96-well plates at low density (1 × For cell invasion assays, the procedure was similar to the cell migration assay, except transwell membranes were precoated with 24 μg/μL Matrigel (BD Bioscience) and the cells were incubated for 8 hours at 37 C in a 5% CO 2 atmosphere. Cells adhering to the lower surface were counted the same way as the cell migration assay.
| Cell migration and invasion assay

| Statistical analysis
Data were analyzed by using SPSS Statistical Package version 16.
Independent two group's analyses are used t test. P < 0.05 was considered statistically significant.
F I G U R E 1 p53 and lncRNAs expression pattern in villous tissues of RM patients. The p53 protein level in the villous samples was detected by immunoblotting (A). The band density was determined by Quantity One and the results were analyzed by unpaired t test. **P < 0.01. (B) The expression of six candidate lncRNAs was examined by qRT-PCR and the results were analyzed by Student t test. P < 0.05 was considered statistically significant. *P < 0.05, **P < 0.01. lncRNAs, long noncoding RNAs; RM, recurrent miscarriage 3 | RESULTS P53, a negative cell cycle regulator, has been observed overexpressed in the chorionic villi from patients with RM, indicating its association with the pathogenesis of RM. To explore the roles of p53 during the pathogenesis of RM, we first detected the p53 protein level in the villous tissues from 27 RM patients and paired healthy controls. We observed overexpressed p53 in the RM patients, which is in accordance with results of other researchers ( Figure 1A,B) . [5] [6] [7] [8] Recently, lncRNAs have been identified to function as key regulators of diverse cellular processes including pregnancy. 16 As a transcription factor, p53 has been found modulate the expression of many lncRNAs. To understand the lncRNAs expression pattern and whether there is a relationship between overexpressed p53 and disordered lncRNAs in the RM patients, we detected six candidate lncRNAs expression in the villous tissues from 27 RM patients and paired healthy controls. The expression of these lncRNAs have been confirm to be modulated by p53. 17 We found significantly reduced NEAT1 and MALAT1 level in the tissue samples of RM patients ( Figure 1C ). Meanwhile, a negative correlation existed between MALAT1 and p53 protein level, suggesting P53 may directly control MALAT1 (Figure 2A ).
We also separated primary villous trophoblasts from six RM and controls, and analyzed the cell viability and apoptosis. As shown in Supporting Information Figure S1 , The overexpression and knockdown of p53 were confirmed by F I G U R E 3 MALAT1 repression inhibited HTR-8/SVneo cells and villus trophoblasts proliferation, migration, invasion and promoted apoptosis. HTR-8/SVneo cells and primary villus trophoblasts were transfected with MALAT1 siRNAs. Forty-eight hours after transfection the cells were subjected to MTT assay (A), flowcytometry analysis after PI and annexin V-fluorescein staining (B), migration assay (C and D), and invasion assay (E and F). The results were analyzed by Student t test. P < 0.05 was considered statistically significant. *P < 0.05, **P < 0.01. PI, prepidium iodide immunoblotting ( Figure S2 ). As shown in Figure 2B ,C, the relative luciferase activity was significantly repressed by p53 and upregulated by p53 siRNA, indicating p53 modulating the luciferase activity by binding with the MALAT1 promoter. Meanwhile, the MALAT1 level was repressed by overexpressed p53 and upregulated by p53 siRNA ( Figure 2D,E) . In the present study, most of the samples from the RM group were dying tissue or demised tissue and those from controlled group were viable tissues. These different tissue properties may lead to the misjudgment of the casualty between disordered p53-MALAT1 and RM. Therefore, we separated the primary villous trophoblasts, and examined the p53-MALAT1 axis. We obtained consistent results in the primary villous trophoblasts suggesting p53-MALAT1 axis may be one of the cause of RM.
In conclusion, we reported dysregulated p53-MALAT1 axis in RM patients and unveiled the negative correlation between p53 and MALAT1 in the placental trophoblasts and primary villus trophoblasts.
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